The non-linear problem of finding the parameters of interaction of radio-frequency capacitive discharge with the sample placed on the electrode is considered in a local approach. The problem is described by a system of nonlinear initial value problems. Approximate method of solving the problem is proposed. The numerical results for the model problem are given together with their analysis.
Introduction
Plasma is effectively used in the field of nanotechnology, for creating and modify in nanostructures (e.g., for the treatment of materials in order to improve durability and reliability of machinery, creating alight and strong polymer composites, polyethylene plastics, nanopowders of metals and their composites etc.) [1] [2] [3] [4] [5] [6] .The advantage of plasma methods for material processing is a wide range of impact parameters. Different materials require different types of treatment, respectively, and the various conditions for maintaining the discharge. Some materials (e.g., carbonaceous and low-alloyed steels, polymers) can not with stand high temperatures, so one need to apply the so-called "cold plasma", at gas temperatures below 500 K. One of effective way for creating "cold plasma" is radio frequency capacitive (RFC) discharge at low pressure. The experimental results showed that RFC-discharge is effectively used to modify the natural polymeric materials such as leather, fabric, fur [7] . Note that in the papers [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] were also considered the statements of some nonlinear problems of mathematical physics and approximate methods of solving them.
Problem statement
At a pressure of 760 Torr to simulate the process of interaction of RFC discharge with the sample placed on an electrode in the local approximation a nonlinear problem is solved. This problem includes the following equations.
1. Convection-diffusion equation for the ion gas
with the boundary conditions at x = b, a (x = a corresponds to the sample surface and x = b corresponds to the loading electrode surface) the  from  directed  is  field  the  if  ,  0   electrode,  the  to  directed  is  field  the  if  ,  0  / x Here, E is the electric field, nm is the concentration of metastable atoms,
 , D+ are the flow density, the mobility, the diffusion coefficient of ions, e n ,  n are the concentration of electrons and positively charged ions,  is the effective recombination coefficient [19] , νi is the ionization frequency, γ is the coefficient of secondary emission, R1, R2 are the coefficients of the step process Ar * 
When x = b the boundary condition nm = 0 is put. Here Dm is the diffusion coefficient of metastable atoms, N is the concentration of atoms in the ground state, Ri, i=3, 4, 5, 6 , are the rate constants of reactions of excitation Ar+e→Ar*+ e (3) and quenching Ar*+Ar→2Ar (4), Ar*+2Ar→Ar2+Ar (5), Ar*→Ar+hv (6) of metastable states characteristic of a three-level scheme of the terms of the argon atom. The constant process of direct ionization are taken from [22] , recombination from [19] , the step and pinning ionization from [20] , the constant excitation processes from [22] , and suppression of the metastable states from [20, 21, 23] . Dependencies for the transport coefficients of an electron gas are taken from [22] 5. The balance equation for neutral atoms 
with the boundary conditions p=kTel N at x = b, a. Here Dn is the diffusion coefficient of neutral atoms, k is the Boltzmann constant, Tel is the the temperature of the electrode, p is the pressure.
6. Heat equation of atomic ion gas generator. At the boundaries we use following heat transfer conditions
where kf is the full heat transfer coefficient of the sample at x = a and of the electrode at x = b, Ta is the temperature of the cooling water.
The method of solving
The approximate method was used for solving of the nonlinear problem which is based on the finite-dimensional approximation of the problem with the help of difference schemes with subsequent application of the iterative process for its implementation. For initial value problems the implicit finite-difference scheme with equal ideally meshes partition was used. The operator of convective transport was approximated by methods directional differences with the multi-directional movement of ions and electrons. Application of integral-interpolation method for constructing finite-difference scheme provided its conservative [25] . The resulting non-linear finite-difference scheme was solved by the method of Seidel-type. Nonlinearity of the electron temperature in the coefficients was moved to the lower layer. In addition, linearization quadratic terms in the balance equations of meta-stable atoms was carried out. The solution of the equation for the gas temperature was performed1 time during the period T with internal of Jacobi-type iterative process. We introduce on the plane (x, t) the rectangular grid with steps h on the x-axis and  on the t-axis: . To approximate the convective terms, we note that the field has a positive and negative components ,
, and the fact that the ions move across the field, and the electrons against the field. As a result, we obtain the following difference schemes.
1. Difference scheme for convection-diffusion equation for the ion gas 
Difference scheme for convection-diffusion equation for the electron gas

On solving of some nonlinear problems of plasma physics
The boundary conditions are approximated as follows: 
Conclusions
The article presents a model of interaction of radio frequency capacitive coupled discharge model, allowing to calculate the characteristics of radio frequency capacitive discharge between the sample and the loaded electrode. The model includes a convection-diffusion equation for the electron and ion gas, Poisson equation for the electric potential, the balance equation of metastable atoms and neutral atoms, as well as stationary heat equation atom-ion gas. This model has the following features, complicating its solution: large gradients in the electrode layers, the non-linearity of the system and certain of its constituent equations, the presence of fast and slow physical processes.
For the numerical implementation of the model has been proposed numerical solution method, which takes into account these features of the model. The results of solving a model problem with non-ideal conductor are derived. Results for the model problem at a pressure of 760Torr, the amplitude of the voltage on loaded electrode100 V were obtained in the local approximation. In the above problem for electron transport coefficients, the rate of processes of ionization and excitation rate of the metastable were obtained by solving the Boltzmann equation with software version 1.2 BOLSIG + [26] . For the numerical implementation of the proposed algorithm a set of programs in the environment of Matlab has been developed, numerical experiments for model problems were run. These results correspond to the physics of the process. It has been found that the asymmetry in the profiles of the particle concentration was caused by the properties of the sample (the values of the secondary electron flue gas, thermal conductivity of the sample conductivity). Inclusion sample with finite conductivity of one of the electrodes, as well introduces asymmetry in the discharge leads to a shift of the region of maximum temperature of the sample gas.
